MATERIALS AND METHODS Immune conjugates. Viral antisera free from unwanted antibodies to foreign host proteins were produced by immunization of hamsters known to be free of common laboratory animal infections with suckling hamster brain infected with SK-T7-2980 strain of HSV type 1 (HSV-1) or with the Johnson strain of HSV type 2 (HSV-2) (1), and by immunization of rhesus monkeys with VZV (Batson strain) propagated in monkey kidney cells (11). An immune conjugate to vaccinia virus prepared from antiserum produced by immunization of rabbits with virus propagated in RK13 cells grown and maintained in Eagle mnimal essential medium with rabbit serum was used routinely in earlier phases of these studies, but more recently the conjugate was used only in special circumstances. Immunoglobulins were precipitated from the antisera with ammonium sulfate and conjugated with fluorescein isothiocyanate as described elsewhere (3). Optimal working dilutions of each conjugate were determined by titration on cell cultures infected with homologous and heterologous viruses and on uninfected cells from the same lots. A working dilution was selected which gave 3-to 4-plus staining with homologous virus-infected cells and minimal or no staining of heterologous virus-infected cells or of uninfected cells.
Direct immunofluorescence (IF) staining was compared with virus isolation for detection of herpes simplex viruses (HSV) and varicella-zoster virus (VZV) directly in clinical materials. These included 199 vesicular lesion specimens and 280 tissue specimens. Correspondence between IF and isolation results was 88% in testing for HSV in lesion specimens and 98% in testing for HSV in various tissue (mostly brain) specimens. Overall, IF was positive for 82% of the specimens in which HSV was demonstrated, and virus was isolated from 89% of the HSVpositive specimens. IF was markedly more sensitive than isolation for demonstrating VZV in lesion and tissue specimens, detecting all of the specimens positive for VZV, whereas isolation detected only 23%. IF detected VZV antigen in a number of lesion specimens taken late after onset, past the time when they would be expected to yield infectious virus. Specificity of positive IF reactions for HSV or VZV in the absence of virus isolation was supported by the facts that (i) staining was obtained with only a single, presumably homologous, immune conjugate, (ii) clinical symptoms were compatible with infection with the virus for which positive IF findings were obtained, and (iii) positive electron microscopy findings for herpesviruses or positive serological results for VZV were also obtained in some instances. Factors to be considered in achieving specificity of IF staining for these human herpesviruses are discussed.
The potential value of immunofluorescence (IF) staining for rapid identification of herpes simplex virus (HSV) and varicella-zoster virus (VZV) antigens directly in clinical materials has been recognized for many years (2-5, 7-9, 11-13) , and this approach has been used routinely in our MATERIALS AND METHODS Immune conjugates. Viral antisera free from unwanted antibodies to foreign host proteins were produced by immunization of hamsters known to be free of common laboratory animal infections with suckling hamster brain infected with SK-T7-2980 strain of HSV type 1 (HSV-1) or with the Johnson strain of HSV type 2 (HSV-2) (1), and by immunization of rhesus monkeys with VZV (Batson strain) propagated in monkey kidney cells (11) . An immune conjugate to vaccinia virus prepared from antiserum produced by immunization of rabbits with virus propagated in RK13 cells grown and maintained in Eagle mnimal essential medium with rabbit serum was used routinely in earlier phases of these studies, but more recently the conjugate was used only in special circumstances. Immunoglobulins were precipitated from the antisera with ammonium sulfate and conjugated with fluorescein isothiocyanate as described elsewhere (3). Optimal working dilutions of each conjugate were determined by titration on cell cultures infected with homologous and heterologous viruses and on uninfected cells from the same lots. A working dilution was selected which gave 3-to 4- Table 1 compares results of IF staining and virus isolation attempts on vesicular lesion specimens from 199 patients from whom lesion smears and virus isolation material were submitted. Nineteen, or slightly over 9%, of the smears contained too few cells for IF examination; HSV was isolated from 4 patients in this group. Of the 50 specimens positive for HSV by IF, 9 were negative by isolation, and 13 were positive for HSV by isolation only. The correspondence between IF and isolation results (positive and negative) for detecting HSV was 88%. Of the 50 specimens positive for HSV by IF, 30 were from genital lesions, and 20 were from nongenital sites. Of the 58 specimens positive by isolation, 38 (32 HSV-2 and 6 HSV-1) were from genital lesions, and 20 (15 HSV-1 and 5 HSV-2) were from genital sites. Table 2 gives additional information on the 9 patients with positive IF and negative isolation results for HSV. Clinical syndromes were compatible with HSV infection, and the specimens reacted only with the HSV conjugate and not with the VZV conjugate. For the most part, failure to isolate virus could not be associated with the late specimen collection.
RESULTS
Of the 45 specimens positive for VZV by IF, only 11 were positive by isolation (Table 1) . Several pieces of evidence would support the specificity of the positive VZV staining results obtained in the absence of virus isolation. The specimens showed staining only with the VZV conjugate and not with HSV or vaccinia conjugates, and none of the specimens yielded HSV in cell culture. Four of the specimens were positive for herpesvirus particles by electron microscopy, and 4 additional patients had positive serological findings for VZV. Of the 34 patients, 28 had clinical diagnoses of herpes zoster or varicella, 2 had a diagnosis of possible smallpox, 1 had a diagnosis of vaccinia, and 3 had diagnoses simply indicating a vesicular rash. Table 3 relates the time of specimen collection to ability to isolate VZV from vesicular lesion specimens. All of the positive isolations were obtained with specimens collected no later than 5 days after onset. Some early specimens which were positive for VZV by IF were negative by isolation, but it is more striking that a number of positive IF results were obtained with specimens taken long after they would be expected to yield infections virus. In Table 4 IF is compared with virus isolation for detection of HSV and VZV in 280 tissue specimens. These included 230 brain, 30 lung, 9 liver, 6 kidney, and 4 heart specimens and 1 trachea specimen. Of the 26 specimens positive for HSV by IF, 25 were also positive by isolation, and 4 specimens were positive by isolation only. Correspondence between IF and isolation results in testing for HSV in tissue specimens was 98%. Again, IF was much more sensitive than isolation for detection of VZV. Table 5 summarizes the comparative sensitivity of virus isolation and IF for detection of HSV and VZV in positive specimens. Overall, isolation was positive for 89% of the specimens in which HSV was demonstrable, and IF was positive for 82% of the specimens positive for HSV. In the case of VZV, IF detected all positive specimens, whereas isolation was positive for only 23%. 
